.4bsttact. Disc 
.4bsttact. Disc electrophoresis was used to separate water soluble proteins from hardy, non-hardy, and frost killed cabbage (Brassica oleracea var. capitata) leaves. Amidoschwarz staining failed to reveal any new bands as a result of hardening although the relative amounts of proteins in individual bands changed. Sulfhydryl groups in the protein bands were stained with 2,2.dihydroxy-6,6.dinaphthyl disulfide and labeled with 14C p-chloromercuribenzoate.
Significant decreases in the sulfhydryl content of the total water soluble protein were found during hardening and as a result of frost death. The decrease during hardening was paralleled by a significant increase in the water soluble protein. There was a significant increase in the sulfhydryl content per unit high molecular weight protein but a decrease in the sulfhydryl content per total protein as a result of frost death. This was interpreted as evidenc2 for intermolecular disulfide bond formation during freezing.
Changes have been found in the sulflhydryl ( SH) and disulfide (SS) con,tents of the total pro ein of cabbage leaves as a result of both freezing andl hardening (5). In general both freezing injury and hardening are accompanied by a decrease in the SH content of proteins, presumably for different reasons. Specific proteins have shown similar relations in sonme cases (6) , whereas in others they have not (3) . Because of conflicting results, it is of fundamental importance to investigate the individual protein fractions. The work reported here is suclh ain investigation. radioactivity (fig 1) .
Materials and Methods
There was less SH/mg total protein in the hardy than in the non-hardy plant proteins (table II) . Therefore, the newly synthesized protein during hardening must be lower in SH groups than that synthesized in plants in the non-hardy state. This would imply that not all 24 protein fractions increase at the same rate during hardening. By observing the amidoschwarz stained gels, and comparing the hardy and non-hardy extracts that had been separated, it was found that this was indeed the case. Certain bands increased in intensity during hardening, while others either remained the same or decreased. This agrees with Siminovitch and Briggs (8) , who found that only one of their migrating bands increased during hardening.
Of the 2 fixative methods used (table II) , namely ETOH-TCA and HCHO, the HCHO proved to be superior to the ETOH-TCA. Not only did it preserve significantly larger amounts of SH groups, but it prevented shrinkage of the gels during the fixing period. With ETOH-TCA, the gels became extremely dehydrated during fixation and were brittle and difficult to work with. The shrinkage was, however, reversible, and during staining with DDD or labeling with 14C-p-CMB they returned to their normal size.
p-CMB and 14C-p-CMB dissolved best at pH 7.0. At pH 4.6, a pH recommended by Boyer (2), the solution tended to precipitate within a few hr. Since it was desirable to leave the gels in the radioactive solution for a period of 24 hr, the solution at pH 7.0 is recommended.
No significant differences were found between the total amount of 14C-p-CMB bound/unit protein in the unfrozen and 100 % frost killed non-hardy plants. Although there were no significant differences between the 50 % and 100 % killed, there were significant differences at the 1 % level between unfrozen hardy plants and those that were 100 % killed. The relations between frost injury and the total 14C-p-CMB bound/mg protein for hardy plants are shown in figure 2.
There were no significant differences in the percentage of 14C-p-CMB fixed in the top band of non-hardy versus hardy material (table III) . In every case, however, both with the non-hardy and hardy plant proteins, freezing to a 100 % kill resulted in a statistically significant increase of 15 to 50 % (table III) in the fraction of 14C-p-CMB bound in the top, highlv radioactive band. This would indicate that a larger proportion of the total SH was found in the top band. (1) an increase in the concentration of the same proteins found in the non-hardy plant or (2) a synthesis of entirely new proteins. Since there were no differences in the number and position of the bands in the hardy and non-hardy material, one may conclude that the first explanation is the correct one. This suggests that hardening of cabbage does not involve gene repression or derepression, but an increase in the content of proteins already present in the plant, though not in the same proportions, judging by the intensity of the bands. Further evidence for this change in the distribution of the l)roteins is yielded by the SH determinations. During hardening the protein concentration/ml stipernatant was found to increase 2.3 times over that of non-hardened plants.
On the other hand, the SH content/mg protein of non-hardened plants was 2.0 times that of hardened plants. This may be interpreted as indicating that the usually observed decrease in the SH content/mg protein during hardening is due to dilution by synthesis of non-SH containing protein.
Frost death resulted in significant decreases in the SH content of protein, only in hardy plants. No such differences were found with the non-hardy plants. This may be accounted for by the lability of the protein of plants in the actively growing state. According to Levitt (5), non-hardy plant proteins have their -SH groups oxidized to -S-S-groups more readily than hardv plant proteins. As a result of this lability, some of the ST1 may have been converted to SS during the extraction and separation of the proteins, and significant differences would not be expected to occur as a result of freezing. Such postulated aggregates would, of course, be slow moving and would accumulate at the top of the column. In support of this prediction nearly all the labeling with 14C-p-CMB was in the top, poorly migrating band of both the hardened and the unhardened plants. But in spite of the much larger amount of protein in the supernatant from the hardened plants, the top band was heavier in the unhardened plants. This Literature Cited
